Culture medium 199 supplemented with follicular fluid from 1\p=n-\2mm antral porcine follicles inhibited spontaneous luteinization of granulosa cells from preovulatory porcine follicles in vitro. Three characteristics of luteinization were inhibited: morphological transformation, progesterone secretion, and accumulation of cyclic AMP in response to LH. The last was inhibited more effectively by culture media containing 50 % follicular fluid than by media containing 20 % follicular fluid. The inhibitory actions of the follicular fluid were not altered by charcoal or petroleum ether extraction. Follicular fluid from large follicles (6\p=n-\12mm) did not exhibit any of these inhibitory actions. These observations may indicate the presence of a luteinization inhibitor in the fluid of small follicles which (1) is lost by the time the follicle reaches the preovulatory stage, or (2) is overcome by a stimulatory agent which may accumulate as the follicle grows.
INTRODUCTION
Nalbandov and his colleagues have suggested that follicular fluid might either contain a luteinization inhibitor or lack a substance needed for luteinization (El-Fouly, Cook, Nekola & Nalbandov, 1970; Nekola «fe Nalbandov, 1971; El-Sheikh «fe Nalbandov, 1972) . Granulosa cells harvested from preovulatory (large) monkey and porcine follicles luteinize spontaneously when cultured in vitro (Channing, 1970 a, b) . They accumulate more cyclic AMP in response to luteinizing hormone (LH) and secrete significantly larger quantities of progesterone during 18 h of culture than do granulosa cells harvested from smaller, less mature follicles (Channing, 1973; Channing «fe Ledwitz-Rigby, 1974) . Granulosa cells from preovulatory follicles undergo morphological luteinization within 4-5 days of monolayer culture, but cells from medium-sized follicles will luteinize only if follicle-stimulating hormone (FSH) or LH is added to the culture medium ; granulosa cells from small follicles will not luteinize in vitro even in the presence of FSH and/or LH (Channing, 1970 a, b, c) . It is possible that there are luteinization inhibitors in follicular fluid which control this maturation of the granulosa cells within the follicle.
The present study therefore investigated the inhibitory effect of follicular fluid on luteini¬ zation in vitro. We examined the ability of follicular fluid collected from porcine follicles at various stages of maturity to inhibit spontaneous luteinization of porcine granulosa cells from preovulatory follicles in vitro. Three criteria of luteinization were examined: cyclic AMP accumulation, progesterone secretion, and cell morphology.
MATERIALS AND METHODS

Hormones
Ovine LH (N1H-LH-S17), ovine prolactin (NIH-P-S12) and rat LH (NIAMDD-RP-1) were obtained from the National Institute of Arthritis, Metabolic and Digestive Diseases, Bethesda, Maryland. The ovine LH had a potency of 1-01 N1H-LH-S1 units/mg and the rat LH a potency of 0-033 NIH-LH-S1 units/mg. The 
Ovaries
Ovaries were obtained at a local slaughterhouse from non-pregnant pigs, 4 months old or older, within 20 min of death and were immediately placed on ice in 0-9 % NaCl solution containing 100 i.u. penicillin/ml, 100 µg streptomycin/ml, and 25 µg amphotericin (Fungizone)/ml. Granulosa cells were harvested only from large (6-12 mm diameter) follicles and follicular fluid was collected from 1-12 mm follicles 1-4 h after death as described in detail by Channing «fe Kammerman (1973) and Channing «fe Ledwitz-Rigby (1975) .
Culture media
Fluid samples from small ( 1 -2 mm diameter), medium (3-5 mm) and large (6-12 mm) follicles are abbreviated as SFF1, MFF1, and LFF1 respectively. Follicular fluid and sera were diluted in culture medium 199 (v/v) before culture. A culture medium devoid of biological fluid (199d) was prepared by adding 0-2% lactalbumin hydrolysate (Grand Island Biological Co.), 0-4 % bovine serum albumin (BSA) (GIBCO) and 1 mu. insulin/ml (Squibb) to medium 199 (Channing & Ledwitz-Rigby, 1975) . All media contained 50/tg gentamicin/ml and 2-5 µg Fungizone/ml.
The LH content of the fluid samples added to culture media was determined by radio¬ immunoassay. Only sera samples containing less than 1 ng LH (LER-788-4)/ml were employed. The concentration of LH in a pool of fluid from large follicles was 0-96 ng/ml ; LH concentrations were undetectable (less than 0-3 ng/ml) in fluid from small follicles and in culture medium 199d.
Culture procedures Granulosa cell morphology was studied in monolayer cultures grown in Leighton tubes with an initial inoculum of 1 106-5x 10e cells. The culture medium was changed every 2 days for up to 6 days. At the end of the culture period, the cultures were fixed in Bouin's solution and stained with haematoxylin and eosin (H and E) as described previously (Channing, 1970 a, b) .
For studies in which cyclic AMP accumulation was examined, granulosa cells were incubated as short-term 'suspension' cultures in 5 % C02 in air at 37°C (Channing & Ledwitz-Rigby, 1975 Ledwitz-Rigby (1975) . For each treatment group, two control cultures were incubated without LH and two or three experimental cultures were incubated with 1 µg ovine LH/ml. At the end of the incubation the cultures were placed on ice, followed by separation of culture medium and cells by centrifugation for 10 min at 1000 g. The cyclic AMP contents of both the cells and medium were then determined by competi¬ tive protein binding assay (Gilman, 1970) as modified by Kolena & Channing (1972) and by Mashiter, Mashiter, Hauger & Field (1973) . Data are presented as total cyclic AMP in the cells and in the culture medium. Forty-eight hour pre-incubations were routinely used since preliminary experiments with pre-incubations of 20 min, 1, 6, 12, 18, 24, 36 , and 48 h indi¬ cated that 48 h pre-incubations yielded the most consistent results (Channing, Thanki, Lindsey «fe Ledwitz-Rigby, 1977) .
Progesterone secretion studies Granulosa cells were incubated for 48 h in medium 199 supplemented with follicular fluid or serum. The progesterone secreted into the culture medium during the entire 48-h incubation was determined as described below.
In the first experiments, the progestin content of the incubation medium and follicular fluid was measured using the competitive protein-binding assay developed by Johansson, Neill & Knobil (1968) and modified for culture medium by Channing (1970a) . In later experiments, the progesterone contents of the culture media, serum, and follicular fluid were determined by radioimmunoassay after extraction with petroleum ether (Thorneycroft «fe Stone, 1972) using an antiserum made against 6-OH progesterone linked to BSA (generously donated by Dr Gordon Niswender). The progesterone radioimmunoassay was validated for culture medium by Channing, Tsai & Sachs (1976) .
Oestrogen radioimmunoassay
The oestrogen content of follicular fluid was determined by radioimmunoassay after diethyl ether extraction according to the method originally described by Hotchkiss, Atkinson & Knobil (1971) and later validated by Channing & Coudert (1976) .
LH radioimmunoassay The LH concentrations of follicular fluid, serum and culture medium were measured by radioimmunoassay (Niswender, Reichert & Zimmerman, 1970) using NIH-LH-RP-1 for the standard curve. These values were converted to and are expressed in terms of porcine LH (LER-778-4) which has a potency of 0-5 NIH-LH-S1 units/mg (Niswender et al. 1970 ). Both LH preparations gave a parallel dose-response curve in the radioimmunoassay.
Charcoal and petroleum ether extraction offollicular fluid and serum Follicular fluid and sera added to culture media employed in progesterone secretion studies were pretreated with either charcoal or 10 volumes petroleum ether to remove steroids. Follicular fluid (5 ml) was added to a 12 ml graduated centrifuge tube containing 0-5 ml charcoal (Norit A). The fluid and charcoal were mixed vigorously with a Vortex mixer and separated by centrifugation for 10 min at 2000 g-. The remaining charcoal was removed from the fluid by filtration through 0-45 and 0-22 micron Millipore filters. The extraction was necessary because 100-700 ng progestins/ml were present in SFF1 (n = 4) and 300-1400 ng progestins/ml in LFF1 (n = A). The extraction removed 99 % of the progestins. Oestrogen content of the SFF1 was also reduced from 2-5 ng/ml to 0-010-0-016 ng/ml. In LFF1 it was reduced from 8-108 ng/ml to 0-032-0-200 ng/ml (n = 3 (Fig. lc, d ). Cells grown in 20 % MFF1 luteinized partially but were slightly abnormal in appearance (Fig. le) , whereas cells cultured in 20% SFF1 failed to luteinize and became necrotic after 5 days (Fig. 1/) . Granulosa cells cultured in 50 % SFF1 also failed to luteinize. They attached to the cover-slip, grew well and appeared healthy for 2 days (Fig. la) , but after 4-6 days exhibited pronounced membrane blebbing and separated from the cover-slip. Granulosa cells grown in 50 % LFF1 began to luteinize by day 2 of culture, appearing more epithelioid and containing more lipid droplets than cells cultured in 50 % SFF1 (Fig. lb) .
Morphology cyclic AMP accumulation by only 25 % (P < 0-02). Pre-incubation in 50 % SFF1 was more effective in inhibiting LH-induced cyclic AMP accumulation than pre-incubation in 20 % SFF1 (P < 0-02). In the case of LFF1, the opposite effect was observed. Cells pre-incubated in 50 % LFF1 accumulated more cyclic AMP in response to LH than did cells pre-incubated in 20 % LFF1 (P < 0-01). Although the accumulation of cyclic AMP in response to LH appeared greater following incubation with 50 % MFF1 than 20 % MFF1, the great vari¬ ability observed for MFF1 rendered the difference non-significant (P > 0-1). None of the basal cyclic AMP levels were significantly different from each other (P > 0-05 for 20 % MFF1 v. 50 % MFF1 and 20 % LFF1 v. 50 % LFF1 and > 0-2 for all other comparisons using paired i-tests). The apparent increase in basal cyclic AMP for cells incubated in 20 % MFF1 and in 20 % SFF1 and LFF1 were due to a few experiments in which basal levels were raised in all treatment groups. Luteinizing hormone stimulation of cyclic AMP accumulation in these experiments was not different from those of the experiments with low basal cyclic AMP levels (P > 0-2).
The inhibitory actions of SFF1 depended more on the size of the follicles from which the fluid was collected than on the stage of the oestrous cycle. SFF1 was collected and pooled from (1) ovaries containing no follicles larger than 5 mm, with or without corpora lutea or (2) ovaries containing follicles larger than 6 mm. The ovaries with no follicles greater than 5 mm were assumed to be from pigs between days 2 and 15 of the oestrous cycle (day 1 = day of ovulation) while ovaries containing follicles greater than 6 mm were assumed to be from pigs in the late follicular phase (days 16-21) (Robertson, 1969) . Granulosa cells pre-incubated for 48 h in 50 % SFF1 from the early part of the oestrous cycle accumulated 30-0 + 2-6 (s.e.m.) % (n = 7) of control cyclic AMP levels in response to LH as compared with 35-0 + 4-0 % (n = 7) accumulated by cells pre-incubated in 50 % late follicular phase SFF1 (P > 0-8). Granulosa cells pre-incubated in 50 % LFF1 collected from the same ovaries served as controls. Basal cyclic AMP levels were not significantly different from each other (P > 0-2) and ranged from 7-0 to 10-8 % of LH-stimulated control levels.
Charcoal or petroleum ether extraction of the follicular fluids did not alter the inhibitory influence of follicular fluids on granulosa cell accumulation of cyclic AMP. Cells pre-incu¬ bated in 50 % extracted SFF1 accumulated 21 -2 ±2-8 % of control cyclic AMP (n (Table 2) . To determine whether our observations of SFF1 inhibition of progesterone secretion might be due to the action of prolactin, porcine granulosa cells from large preovulatory follicles were cultured in monolayer in 10 % pig serum in medium 199 with 0, 5, 10, 25, 50 or 100 ng ovine prolactin/ ml (NIH-P-S12). The addition of 5 to 50 ng prolactin/ml significantly enhanced progesterone secretion over a 2-day incubation period (P < 0-05). Only the highest concentration of prolactin (100 ng) produced even a small decrease (69 % of control; < 0-05) in pro¬ gesterone secretion. 
DISCUSSION
Follicular fluid from small porcine follicles inhibited the spontaneous luteinization in vitro of granulosa cells obtained from large follicles: failure of morphological luteinization, diminished accumulation of cyclic AMP in response to LH and decreased secretion of progestin were observed. Follicular fluid from medium-sized follicles was less inhibitory than fluid from small follicles ; 50 % LFF1 was as permissive of luteinization as 50 % serum or culture medium 199d. These last two media have been previously shown to support morphological luteinization and progesterone secretion by monkey and porcine granulosa cells ; F. Ledwitz-Rigby «fe C. P. Channing, unpublished observations) while medium 199 plus 50 % pig serum or 50 % LFFl or medium 199d supported similar accumulation of cyclic AMP in response to LH. These findings suggest that there is a luteini¬ zation 'inhibitor' present in fluid from small follicles which is gradually lost as the follicle matures, but this does not rule out the possibility that fluid from large follicles contains a stimulatory substance which overcomes the action of an inhibitor or, alternatively, acts alone.
The observations that granulosa cells luteinize in defined medium (199d) (Edwards, 1974) . The concentrations of oestrogen, progestin and LH increase with the increasing size of porcine follicles (Channing, 1973; Eiler & Nalbandov, 1973 
